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ABSTRACT 
Acetylcholinesterase (AChE) is an essential enzyme in the human body, which degrades 
acetylcholine into choline for reuse in the nervous system near neuromuscular junctions. The use 
of chemical war agents, such as tabun, inhibit and age AchE, causing significant nerve damage. 
Previous studies have shown that high energy quinone methides (QM) could potentially reverse 
the damage done to the active site on aged AChE through a kinetically favored alkylation of a 
phosphodiester. This research focuses on the synthesis of quinone methide precursors and their 
nucleophilic reactivity, which is comparable to the proposed enzyme reactivation reaction. 
Synthetic methods have centered on a reductive amination pathway to produce salts derived from 
vanillin and 3-chloro-4-hydroxybenzaldehyde with various amines. Current results confirm the 
structure of amine salts produced from vanillin and 3-chloro-4-hydroxybenzaldehyde by 
1
H 
NMR and 
13
C NMR. The reactivity of these salts towards substitution has been tested with 
multiple nucleophiles under a variety of conditions. The reactions have proved to be successful 
on all of the amine salts. Mechanistic understanding on the formation of high energy quinone 
methides and optimization of the reactions for their formation is currently still in progress. 
Reaction testing with other nucleophiles will continue as well. 
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1. INTRODUCTION 
 
Quinone methides (QM) are proposed to be essential intermediates in a large number of 
biological processes
1-2
 such as enzyme inhibition,
4
 DNA-alkylation
5
 and crosslinking.
5
 
Regarding enzyme inhibition, they have been shown to particularly inhibit serine hydrolase,
6
 β-
lactamase,
6
 phosphatase,
4
 and ribonuclease.
7
 A vast amount of previous research has been 
conducted on QMs, both o-QM and p-QM and their reactivity. Figure 1.1 shows the different 
structures of QMs that can exist. o-QM and p-QM are the only closed shell species for which 
electrophilic and nucleophilic reactions can occur. The m-QM is instead a diradical open shell 
species.
8
 A large amount of previous research exists with respect to the o-QM and its reactivity 
towards alkylation. Two of the reasons for the reactivity of QMs are its ability to act as a 
Michael acceptor as well as the driving force of the structure’s return to aromaticity.  
 
Figure 1.1. General quinone methide (QM) structure where X=O and Y=CH2. 
 
QMs exhibit electrophilic character
8
 at the exocyclic methylene to form benzylic adducts, 
thus obtaining a new product with an aromatic structure. The electrophilic nature of QMs makes 
them an attractive intermediate for biological reactions. Previous research has shown that such 
types of reactions have shown good conversion using sulfur-based nucleophiles.
9
 An increase in 
rate, approximately four orders of magnitude, was seen when using a thiol versus a sulfur anion. 
2  
In the absence of a sulfur nucleophile, nitrogen alkylation has been tested and obtained in good 
yields.
9
 Additionally, kinetic probing studies have shown that the half-life of the p-QM 
compared to o-QM is approximately two orders of magnitude as large (2 ms versus 208 ms).
10,11
 
It is of interest to investigate if the longer half-life of the p-QM could yield better electrophilic 
reactivity and ultimately larger yields of adducts. It should be noted that these results were seen 
using only o-QM. The reactivity of these potential QMs with various nucleophiles, especially 
sulfur-based nucleophiles, constitutes a large portion of this research.  
The documented reactivity of QMs makes them an attractive species for aid in alkylation 
of phosphodiesters in DNA. Research into the reactivity of p-QM shows them successful in 
alkylation reactions with a phosphodiester, followed by lactonization of the resulting trialkyl 
phosphate for two functionalized QMs.
12
 Shown in Figure 1.2 is the inspiration for this research  
which improved efforts to develop a fully functional DNA phosphodiester alkylating agent.  The 
efforts to incorporate the phosphate as an acceptor of an alkyl group is part of an inspiration to 
attempt to develop an efficient way to reverse the adverse effects of organophosphorus nerve 
toxins. 
 
 
Figure 1.2. Favorable substitution and rearomatization drives the reaction of the QM with 
various organophosphates.
12 
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Acetylcholinesterase (AChE) is an essential enzyme in the human body, which converts 
acetylcholine into choline in the nervous system. Hazardous organophosphorus compounds 
(OPs) shown in Table 1.1 contain a phosphate-like group that binds to Ser-203 in the AChE 
active site inhibiting the function of the enzyme as shown in Scheme 1.1. The inhibited enzyme 
can age in minutes to hours and the affected individual loses nerve sensation as well as other 
severe biological consequences. The use of QMs as phosphoester alkylating agents is attractive 
because if successful, it could alkylate the bound phosphate, reactivate AChE with the aide of 
oxime-based pharmaceutical agents, thus reversing the adverse effects of the nerve toxin. The 
QM must be generated in situ because of its short lived existence, thus focus on the synthesis of 
its precursors is the focus of this thesis.  
 
 
Table 1.1. Example organophosphorous nerve toxins. 
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Scheme 1.1. AChE inhibition and aging by OPs and reinhibition and reactivation via QMs and 
oximes. 
 
 
There are two mechanisms for which the investigated p-QM precursor and o-QM can 
proceed by. Recent research shown in Figure 1.3 has shown that the oxidation of a phenol has 
been successful using lead(II) oxide and silver(I) oxide. The reaction specifically afforded 
selectively the p-QM and allowed the QM to be directly produced via phenolic precursors.
13-15
 
Phenolic derivatives functionalized at the ortho- and para- positions were shown to oxidize 
specifically the p-QM.
16
  
 
5  
 
 
Figure 1.3. Oxidation of a phenol to the QM structure using metal based oxidating agents. 
 
Apart from the oxidative method, Weinert, et. al. investigated the rates of formation and 
decomposition of the QM. Apart from their previous assumptions, it was observed that the 
strongest nucleophiles of DNA reacted in a kinetic manner with o-QM. However, these kinetic 
products were energetically stable as the reaction was reversible. The o-QM was ultimately 
regenerated and substitution with weaker nucleophiles afforded irreversible thermodynamic 
products.
17,18
 Their computational studies showed that electron-withdrawing and -donating 
groups attached directly to the QM and its precursors influenced the rate of the QM formation 
and the substituted products. Specifically, electron-withdrawing groups, ammonium salts, as 
shown in Figure 1.4, suppress the regeneration of the QM and strongly promote nucleophilic 
addition to these intermediates via a laser flash photolysis (LFP) procedure.
19
 The stronger the 
electron-withdrawing group was, such as NO2, the larger the rate constant for production of the 
final substituted adduct. The success in using precursors with ammonium salts can be attributed 
to the higher quantum yields of the salts compared to the corresponding alcohols.
10 
6  
 
 
Figure 1.4. Formation and substitution of the QM. 
 
With the documented success of using o-QM as a reactive intermediate, it is of interest to 
investigate its isomer p-QM as a subsequent reactive intermediate, for which studies on its 
reactive behavior of this sort is not published to our knowledge. Attempting to build a synthetic 
route and optimized methodology with the intent of producing p-QM precursors using 
economically efficient means is the main interest and goal in this research.  
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2. RESULTS AND DISCUSSION 
 
2.1 Reductive Aminations. The formation of the main precursors were derived from 
vanillin, a commercially available, cost-effective starting material of which the synthetic 
sequence from starting material to ammonium salt was two steps. Through multiple synthetic 
steps, shown in Scheme 2.1, relatively high yields were achieved for the products shown in Table 
2.1. The ease of preparation for this work can be noted by the fact that these salts were produced 
in a one-pot synthesis as shown in Scheme 2.1. We observed that longer reaction times produced 
higher yields.  
The aldehyde was first mixed with the secondary amine (6 eq.) and HCl (conc.) at rt. The 
resulting mixture was refluxed for 2 h after the addition of NaCNBH3 to produce the crude 
amine. The reaction progress was monitored by GC/MS to verify complete reduction of the 
imine. The resulting crude amine was isolated and redissolved in methanol (15 mL) and toluene 
(4 mL) and aqueous HCl was added to isolate the ammonium salt. Both the 3-methoxy and 3-
chloro derivatives proved to give excellent yields over the two-step, 1-pot procedure.   
 
 
Scheme 2.1. Reductive aminations using dimethylamine and diethylamine. 
8  
 
Table 2.1. Ammonium salts and respective yields.  
 
2.2 Reductive Aminations with Lewis Acids. The ammonium salts derived from vanillin or 
3-chloro-4-hydroxybenzaldehyde and methylamine were not successful without the use of an 
activating Lewis acid, boron trifluoride diethyl etherate (BF3•OEt2). The synthetic route shown 
in Scheme 2.1 failed to reproduce the imine or amine products. Original attempts using titanium 
trichloride (TiCl3) were unsuccessful due to the complications of titanium salts and assumed 
formations of coordination complexes. Attempts with BF3•OEt2 proved successful with a slightly 
different synthetic method shown in Scheme 2.2. Structures, yields and convergence of the 
neutral compounds via GC/MS are shown in Table 2.2. All reactions in Scheme 2.2 showed 
complete conversion to the corresponding imine. 
 
9  
 
Scheme 2.2. Reductive amination with Lewis acid. 
 
 
Table 2.2. Ammonium salts from Lewis acid complexation.  
 
 
 
10  
The yield for several synthetic steps for product 2.6a was relatively high; the remaining 
percentage of theoretical yield can be attributed to polymerization products or decomposition of 
the QM precursors. The yield for product 2.6b was considerably low; the reason for which is still 
under investigation. Perhaps, reasons surrounding the poor yield could be attributed to the 
instability of the product. This characteristic lowers the reactivity of the benzylic position 
towards the formation of the quinone methide.  Reasons for this hypothesis can be attributed to 
the longer half-life (3060 s) of quinone methide 2.8 shown in Figure 2.1 due to the electron 
donating tert-butyl substituents.
20 
 
Figure 2.1. Formation of tert-butyl substituted p-QM.
20 
 
2.3 Nucleophilic Substitution with 4-methylbenzenethiol. Studies to evaluate the 
effectiveness of the ammonium salts subject to nucleophilic substitution showed positive results. 
Each of the ammonium salts shown in Tables 2.1 and 2.2 were subjected reactions with 4-
methylbenzenethiol at 60 
o
C, 80 
o
C, and 100 
o
C to determine the optimal conditions for 
substitution. The general reaction is shown in Scheme 2.3. The convergence of products 2.9a and 
2.9b at these temperatures are shown in Table 2.3. Results from these reactions show that a 
higher yield and better convergence of starting material were results of the reaction at a higher 
temperature.  
 
11  
 
Scheme 2.3. Nucleophilic substitution of ammonium salts with 4-methylbenzenethiol. 
 
 
Compound 
 
60 
o
C 
 
80 
o
C 
 
100 
o
C 
 
2.3a Yes; <10% Yes Yes 
2.3b No rxn Yes; <10% Yes 
2.3c No rxn Yes; <10% Yes 
2.3d No rxn No rxn Yes 
2.6a Yes; <10% Yes Yes 
2.6b No rxn No rxn Yes 
 
Table 2.3. Temperature/time study monitoring for evidence of substitution progress. 
 
At 60 
o
C, less than 10% of product 2.9a was seen using salts 2.3a and 2.6a. Using salt 
2.6b afforded no traceable product 2.9b. The major product was byproduct 2.10 (Scheme 2.4). 
At 80 
o
C, the major product was byproduct 2.10; however, the desired product 2.9a was 
identified in very small amounts. Reaction of salt 2.6b showed no conversion to the desired 
product 2.9b. At 100 
o
C, the substitution was observed in high yield along with 2.10. 
Additionally, several separate reactions were run with 2.3b and 2.3c at 100 
o
C for 6 h showing 
the highest conversion to 2.9a and 2.9b.  It can be concluded that a higher temperature over a 
longer amount of time results in a higher percent conversion of the substituted product.  
These reactions and their products are shown in Scheme 2.4. It can be proposed that in 
order to optimize further the yield of the product, a longer reaction time such as 6 h, should be 
12  
exploited and thoroughly tested over all ammonium salts. Additionally, the use of a lower 
equivalent of 4-methylbenzenethiol should be tested. Isolated yields at 80 
o
C using 4-
methylbenzenethiol with salts 2.3a-d and 2.6a-b are shown in Table 2.4. The differences in the 
isolated yield showed the highest conversion of compound 2.3d.  
13  
 
 
 
 
 
 
Scheme 2.4. Nucleophilic substitution temperature optimization. 
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Compound R1 R2 R3 
Isolated 
Yield (%) 
2.3a OCH3 CH3 CH3 68 
2.3b Cl H CH3 TBD 
2.3c Cl CH3 CH3 72 
2.3d Cl CH2CH3 CH2CH3 77 
2.6a OCH3 H CH3 62 
2.6b OCH3 CH2CH3 CH2CH3 70 
 
Table 2.4. Isolated yields of substitution reactions with 4-methylbenzenethiol. 
 
2.4 Experimentation with other nucleophiles. The nucleophilic reactivity of compounds 
2.3a-d and 2.6a-b were evaluated qualitatively and qualitatively with nitrogen and oxygen based 
nucleophiles. The use of piperidine as a nucleophile afforded the desired product under the 
conditions shown in Scheme 2.5. The results of isolation of products 2.11a and 2.11b are shown 
in Table 2.5.  
 
 
Scheme 2.5. Nucleophilic substitution of ammonium salts with piperidine.  
 
Compound R1 R2 R3 
Isolated 
Yield (%) 
2.3a OCH3 CH3 CH3 58 
2.3b OCH3 CH2CH3 CH2CH3 70 
2.3c Cl CH3 CH3 55 
2.3d Cl CH2CH3 CH2CH3 TBD 
2.6a OCH3 H CH3 TBD 
2.6b Cl H CH3 TBD 
 
Table 2.5. Nucleophilic substitution isolated yields using piperidine at 100 
o
C. 
15  
With the successful substitution of 2.3 and 2.6 with piperidine, qualitative testing was 
conducted using 2.12-2.15 shown in Table 2.6. All showed convergence to the desired 
substituted product. Further work is required to determine optimized conditions for isolated 
yields.  
 
Table 2.6. Nucleophilic substitution with nitrogen and oxygen based nucleophiles. Of the four 
nucleophiles above, all showed a substituted product as a result of heating to 100 
o
C. 
  
Additional substitution reactions included the use of product 2.7 with piperidine to yield 
2.16 in 91% yield as shown in Scheme 2.6. It can be suggested that the electron donating 
characteristics of the trialkyl ammonium salts on 2.7 significantly aided the high yield of 2.16, 
which as will be discussed is a case for the QM mechanism.  
 
 
Scheme 2.6. Nucleophilic substitution of trialkyl substituted ammonium salt with piperidine. 
 
16  
2.5 Discussion of Potential Mechanism. The successful results of nucleophilic substitution 
suggest that the precursors, compounds 2.3a-d and 2.6a-b are indeed substituting; however, the 
mechanism of substitution is only speculated at this time. With substituents at the benzylic 
position on the aromatic ring, the system can undergo SN2 displacement with moderate to strong 
nucleophiles. Scheme 2.7 illustrates this mechanism. The system could also be going through an 
in situ generated QM intermediate. Results that suggest this mechanism are the substitution 
results using salt 2.7 shown in Figure 2.1 with piperidine afforded a product in 91% yield. The 
high yield for this reaction along with the data for the half-life of QM 2.8 suggests that this 
reaction is proceeding by way of the QM intermediate. Scheme 2.8 illustrates this mechanism.  
 
 
 
Scheme 2.7. Proposed SN2 displacement mechanism for nucleophilic substitution. 
 
 
 
17  
 
 
Scheme 2.8. Proposed mechanism for nucleophilic substitution by way of QM intermediate.  
 
Both mechanisms are valid and plausible; however additional mechanistic probing 
studies are required for all of these reactions to ultimately determine the actual predominated 
pathway. Additionally, it should be noted that for the purpose for which the substitution reactions 
serve, which is to mimic the biological reaction during phosphodiester alkylation, the ultimate 
end product can be produced by either mechanism.  
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3. CURRENT AND FUTURE WORK 
 
3.1 Substrate Experimentation. With the successful results using vanillin and 3-chloro-4-
hydroxybenzaldehyde, current work is under way using ortho-vanillin. Tabulated salt yields and 
substitution data is yet to be determined; however, initial results show that the reductive 
amination methodology is successful via successful molecular weight determination on GC/MS. 
This substrate is of particular interest because it would afford data for a potential mechanism 
using an o-QM. As stated previously, a bulk of the original data and mechanistic studies 
completed on QMs was using o-QM.  
3.2 Phosphodiester Alkylation. With the successful substitution of salts 2.3a-d and 2.6a-b, 
to produce products 2.9a-b and 2.11a-b, the use of a phosphdiester as the nucleophile is the next 
step in this research. The pathway for this next step is shown in Scheme 3.1. Should this reaction 
and proposed mechanism be successful, the case for using the ammonium salts as precursors to 
reverse the aging process of nerve gas toxins on AChE is very strong. Continued work in this 
area is needed to validate this hypothesis.  
 
 
Scheme 3.1. Proposed phosphate alkylation. 
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4.  EXPERIMENTAL 
 
4.1  General. Solvents were used without any type of further purification. All reactions were 
carried out at standard atmospheric pressure and were monitored by TLC on silica gel 60 F254 
(0.25 mm, E. Merck) and by GC/MS on a Agilent 6850 GC with an Agilent 5975C Mass 
Detector on an Agilent HP-5MS column (30 m × 0.250 mm, film 0.25 μm). Spots were detected 
by UV light or by phosphomolybdic acid (PMA) stain followed by heating. Organic solutions of 
crude products were dried using anhydrous Na2SO4. Chromatography was performed on silica 
gel 60 (40-60 μm). 1H NMR spectra were recorded at 250 MHz and chemical shifts are 
referenced to TMS (0.0, CDCl3, CD3OD). 
13
C NMR were recorded at 62.9 MHz and 
13
C 
chemical shifts are referenced to CDCl3 (77.00, CDCl3, CD3OD). IR spectroscopy was 
performed using KBr discs. Product yields from amination reactions and nucleophilic 
substitution reactions are given in Tables 2.1-2.6.  
 
4.2 General Procedures for Reductive Amination and Salt Formation 
 Method A. Methylamine  (4.1 mL, 47 mmol, 6 eq.) was stirred with methanol (20 mL) 
while concentrated HCl (0.7 mL) was added dropwise over 2-3 min. The reaction was covered 
until HCl fumes cleared. Vanillin (1.2 g, 7.9 mmol, 1 eq.) or 3-chloro-4-hydroxybenzaldehyde 
(1.23 g, 7.9 mmol, 1 eq.) were added and allowed to stir until homogeneous. The reaction was 
heated to reflux for 2 h and then allowed to cool to rt. Boron trifluoride diethyl etherate (0.97 
mL, 7.9 mmol, , 1 eq.) was then added dropwise. Sodium borohydride (0.328 g, 8.69 mmol, 1.1 
eq.) was added in one portion and allowed to stir for an additional 30 min at rt. Distilled water 
(30 mL) was added to the reaction and allowed to stir for 5 min. The solution was extracted with 
20  
dichloromethane (3 x 40 mL) and the organic layers were collected and dried with anhydrous 
Na2SO4. The solution was concentrated in vacuo to yield a crude solid. This solid was dissolved 
in methanol (15 mL) and heated slightly to aid in complete dissolution. 5M HCl (1.52 mL) was 
added to the mixture to a pH of 2-3. The solution was then concentrated in vacuo at 60 
o
C until a 
solid or syrup remained. The mixture was allowed to sit overnight for crystallization to occur. 
The crude product was triturated with acetone (3 x 3 mL) and isolated after centrifuging to yield 
salt 2.6a (1.05 g, 65 %) or salt 2.6b (0.288 g, 18 %) as tan powders. (2.6a): 
1
H NMR (250 MHz, 
CD3OD, δH) 6.94 (s, 1H), 6.81-6.70 (m, 2H), 3.95 (s, 2H), 3.77 (s, 3H), 3.19-3.17 (m, 1H), 2.55 
(s, 3H); 
13
C NMR (62.9 MHz, CD3OD, δC) 147.9, 147.67, 122.70, 122.05, 115.23, 112.93, 55.14, 
52.25, 31.38; IR (KBr discs) 2940, 2776, 2573, 2446, 2037, 1636, 1615, 1524 cm
-1
. 
 (2.6b): 
1
H NMR (250 MHz, CD3OD, δH) 7.47-7.46 (m, 1H), 7.25 (dd, 1 H, J = 2.5, 7.5 
Hz), 6.98 (d, 1H, J = 10 Hz), 4.08 (s, 2H), 3.32-3.29 (m, 1H), 2.68 (s, 3H); 
13
C NMR (62.9 
MHz, CD3OD, δC) 155.71, 132.85, 132.60, 130.98, 124.40, 122.21, 118.08, 116.96, 52.68, 32.97; 
IR (KBr discs) 3551, 3479, 3414, 3237, 2982, 1638, 1617 cm
-1
. 
Method B.  Dimethylamine (5.8 mL, 46 mmol, 6 eq.) or diethylamine (4.7 mL, 46 mmol, 
6 eq.) was stirred with methanol (20 mL) while concentrated HCl (0.7 mL) was added dropwise 
over 2-3 min. After acid was added, the reaction was covered until HCl fumes cleared. Vanillin 
(1.2 g, 7.9 mmol, 1 eq.) or 3-chloro-4-hydroxybenzaldehyde (1.23 g, 7.9 mmol, 1 eq.) was then 
added to the reaction and allowed to stir until homogeneous. Sodium cyanoborohydride (1.1 eq.) 
was then added in one portion and the solution was stirred for at least 1 hr. The solution was 
heated to reflux for 2 h. After cooling to rt, distilled water (30 mL) was added and allowed to stir 
for 5 min. The solution was extracted with dichloromethane (3 x 40 mL) and the organic layers 
were collected and dried with anhydrous Na2SO4. The organic solution was concentration in 
21  
vacuo to yield a crude syrup. This solid was dissolved in methanol (15 mL) and heated slightly to 
aid in complete dissolution. 5M HCl (1.52 mL) was added to the mixture to a pH of 2-3. The 
solution was then concentrated in vacuo at 60
o
 C until a solid or syrup remained. The mixture 
was allowed to sit overnight for crystallization to occur. The crude product was triturated with 
acetone (3 x 3 mL) and isolated after centrifuging to yield salt 2.3a (1.12 g, 65 %) as a white 
powder, 2.3b 1.38 g, 71 %) as a white powder, 2.3c (1.40 g, 76 %) as a white powder, or 2.3d 
(1.30 g, 76 %) as a white powder. (2.3a): 
1
H NMR (250 MHz, CD3OD, δH) 6.98 (s, 1H), 6.83-
6.73 (m, 2H), 4.09 (s, 2H), 3.78 (s, 3H), 3.20-3.18 (m, 1H), 2.70 (s, 1H); 
13
C NMR (62.9 MHz, 
CD3OD, δC) 148.10, 123.80, 120.55, 115.26, 113.74, 60.93, 55.18, 41.22; IR (KBr discs) 3544, 
3411, 3237, 2709, 1638, 1616 cm
-1
. 
(2.3b): 
1
H NMR (250 MHz, CD3OD, δH) 7.11 (s, 1H), 6.95-6.84 (m, 2H), 4.21 (s, 2H), 
3.88 (s, 3H), 3.30-3.28 (m, 1H), 3.22-3.12 (m, 4H), 1.32 (t, 6H, J = 7.5 Hz); 
13
C NMR (62.9 
MHz, CD3OD, δC) 149.40, 149.22, 125.20, 121.74, 116.56, 115.32, 57.34, 56.65, 9.02. IR (KBr 
discs) 3550, 3479, 3412, 3237, 1639, 1617 cm
-1
. 
(2.3c): 
1
H NMR (250 MHz, CD3OD, δH) 7.48-7.47 (d, 1H, J = 2.5 Hz), 7.26 (dd, J = 2.5, 
10 Hz), 4.18 (s, 2H), 3.28-2.36 (m, 1H), 2.79 (s, 6H); 
13
C NMR (62.9 MHz, CD3OD, δC) 132.31, 
130.49, 121.38, 120.98, 116.68, 59.81, 41.27; IR (KBr discs) 3550, 3479, 3412, 3236, 3115, 
2956, 2676, 1638, 1617 cm
-1
. 
(2.3d): 
1
H NMR (250 MHz, CD3OD, δH) 7.47 (d, 1H, J = 2.5 Hz), 7.24 (dd, 1H, J = 2.5, 
7.5 Hz), 6.97 (d, 1H, J = 7.5 Hz), 4.19 (s, 2H), 3.28-3.26 (m, 3H), 3.14 (q, 4H, J = 7.5 Hz), 1.29 
(t, 6H, J = 7.5 Hz); 
13
C NMR (62.9 MHz, CD3OD, δC) 155.93, 133.67, 131.89, 122.66, 122.27, 
118.03, 56.30, 47.62, 43.46, 11.52, 9.06; IR (KBr discs) 3550, 3479, 3412, 3237, 1638, 1617  
cm
-1
. 
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4.3  General Procedures for Nucleophilic Substitution 
 Reaction of Salts 2.3a-d and 2.6a-b with 4-methylbenzenethiol. 4-methylbenzenethiol 
(1.2 eq) was added to salts 2.3a-d and 2.6a-b (100 mg, 1. eq.) in 50:50 H2O:CH3OH (~5 mL). 
The reaction was allowed to heat for 4 h or 6 h at either 60 
o
C, 80 
o
C, or 100 
o
C. The reaction 
was allowed to cool to rt and was then extracted with diethyl ether (3 x ~3 mL). The organic 
layers were collected and dried with anhydrous Na2SO4. The dried organic layers were 
concentrated in vacuo to yield a crude product 2.9a or 2.9b as a white, clear or pale yellow 
residue. The crude product was purified by chromatography (15:1, petroleum ether/EtOAc) to 
obtain 2.9a (0.0274 g, 25.87% as a clear residue: Rf 0.20 (15:1 hexanes/EtOAc) or 2.9b (0.042 g, 
35.12%) as a clear residue: Rf 0.20 (15:1 hexanes/EtOAc); (2.9a): 
1
H NMR (250 MHz, CDCl3, 
δH) 7.20 (d, 2H, J = 7.5 Hz), 7.07 (d, 2H, J = 7.5 Hz), 6.80-6.70 (m, 3H), 3.99 (s, 2H), 3.81 (s, 
3H); IR (KBr dics) 3020, 2400, 1515, 1215 cm
-1
. 
 (2.9b): 
1
H NMR (250 MHz, CDCl3, δH) 7.18 (d, 3H, J = 7.5 Hz), 7.07-7.00 (m, 3H), 6.89 
(d, 1H, J = 7.5 Hz), 3.94 (s, 2H), 2.29 (s, 3H). 
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APPENDIX A 
1
H AND 
13
C NMR SPECTRA  
AND 
IR SPECTRA
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